The analytical characteristics of a W/Si multilayer dispersion element (MLDE) with a nominal 2d spacing of 60,~ are assessed and compared with those of a conventional thallium acid phthalate (TAP) crystal for the determination of fluorine in silicate and phosphate minerals by electron microprobe. Measured count rates for fluorine were found to be up to fourteen times higher using the MLDE compared with TAP giving improved detection limits of 0.02 to 0.08 wt. % F (six sigma, 100s count time) compared with equivalent data of 0.06 to 0.12 wt. % F by TAP. At equivalent spectrometer angles, peak widths by MLDE were broader by a factor of 2 to 3. However, an important advantage of MLDE was found to be the absence of multiple order diffractions higher than the second order. In consequence, the troublesome third order P-Ka line interference on the F-Ks line, normally encountered in the analysis of apatites, is absent in determinations made using the MLDE. Conversely small interferences on the F-Ks line were detected from the first-order La line of Fe and second-order La line of Mg. X-ray data and spectra of selected minerals are presented to demonstrate these interferences. Detection limits for elements that can also be determined using the MLDE were 0.07 to 0.15 wt. % oxygen and 0.34 wt. % carbon.
Introduction
A R EC E N T innovation in X-ray spectrometry has been the introduction of the multilayer dispersion element (MLDE) (also known as the layered synthetic microstructure) for enhanced detection of low atomic number elements by X-ray fluorescence and electron microprobe analysis. These devices are designed as substitutes for the more conventional Langmuir-Blodgett 'pseudo crystals' (e.g. lead stearate) and thallium acid phthalate (TAP) in the determination of low atomic number elements using a wavelength dispersive spectrometer. The MLDE are fabricated by vacuum coating a suitable substrate (silicon) with alternate layers of high and low atomic number elements. The high atomic number layers (e.g. tungsten, hafnium, molybdenum, nickel) serve to reflect incident X-rays. The low atomic number layers (silicon, carbon) behave as low absorption 'spacers' so giving the device a pseudo-crystalline lattice suitable for diffracting long wavelength XMineralogical Magazine, June 1989, Vol. 53, pp. 357-362 0 Copyright the Mineralogical Society ray spectra. A typical MLDE consists of 200 layers, deposited to give the device a specified 2d spacing in the range 40 to 140 ~ In the field of X-ray fluorescence analysis, the general analytical characteristics of MLDE have been described, for example by Nicolosi et al., 1986 , and Gilfrich, 1986 . There has also been considerable interest in demonstrating potential XRF applications of such devices, for example in the analysis of carbon in steels (Anzelmo and Boyer, 1987; Arai, 1987) , fluorine in limestone (van Eenbergen and Volbert, 1987) , boron in borosilicate glass and in the analysis of coal (Nicolosi et al., 1987) . Little work has yet been reported in the application of MLDE in the determination of low atomic number elements by electron microprobe, although some data on Be, B, C and O has been presented by Barbee et al. (1987) . Furthermore, Bastin and Heijligers (1987) compared the measurement of nitrogen in binary nitrides using MLDE (2d= 59.8A) and lead tral interferences that would affect the determination of fluorine in silicate and phosphate minerals. Spectral scans were carried out on representative minerals, selected results being plotted in Fig. 1 . The X-ray lines appearing in these scans have been correlated with calculated spectrometer angles for specified X-ray lines, listed in Table  1 . To make these latter data generally applicable, spectrometer angles have been calculated for a MLDE having a nominal 2d spacing of 60A. However, due allowance must be made for the 58. Nicolosi et al., 1987) in X-ray fluorescence applications. One important consequence for mineralogists is that the troublesome thirdorder P-Ka interference on F-Ka in the analysis of fluorine in apatites will not be encountered in measurements made on a MLDE. The relatively large overlap interference correction that must be applied if a TAP crystal is used to make this measurement is listed in Table 2 . Two relatively small interferences may be identified in the spectral scans shown in Fig. 1 . These are the overlap of Mg-Ka (second order) and of Fe-La (first order) on F-Ka (see scans of synthetic MgO and fayalite in Fig. 1 ). The magnitude of corrections for these interferences are also listed in Table 2 but are not expected to bias significantly the determination of fluorine in apatites or other common fluorine-bearing minerals.
Spectral performance of MLDE compared with TAP
In comparing data, account must be taken of the different 2d spacings of these two disopersion devices (MLDE = 58.4A, TAP = 25.75A). Not only are X-ray lines diffracted at different angles, but also due to the finite travel of the spectrometers, a different range of elements can be detected. Within these constraints, selected parameters for the MLDE in the detection of the F, O and C Ka-lines are compared with equivalent data for F, Na, Mg, A1 and Si measured on a TAP crystal. The relevant features of these data are as follows:
Resolution. The full width half maximum (FWHM) of a measured X-ray line is a function of spectrometer angle as well as the characteristics of the dispersion device. Data in Table 3 show that when comparing resolution on the basis of equivalent spectrometer angle, the FWHM of the Count data. One of the important advantages in the determination of fluorine using a MLDE is that the count rate is up to fourteen times higher than data recorded on a TAP crystal (Table 2) . However, when performance is expressed in terms of peak to background ratio, MLDE data for fluorine (4.3 on apatite, for example) are inferior to that from the a TAP crystal (12 on apatite), indicating that background counts on a MLDE are increased at a significantly higher rate than peak count rates. In view of the high peak count rates, it is not surprising that sensitivity data for fluorine on the MLDE show a significant improvement over TAP. Data for these parameters are listed separately for measurements made on lithium fluoride (73.25 wt. % F), apatite (3.65 wt. % F) and topaz (15.98 wt. % F) and show the large varitions in individual values caused by the variation in attenuation of low-energy fluorine X-rays within the mineral matrix, an area of active interest in the development of accurate correction models for light elements such as fluorine (see for example, Scott and Love, 1987) . P/B = peak to background ratio of specified line.
sensliivity is a measure of the intensity of the diffracted beam.
detection limit is the six sigma detection limit (Ports, 1987) Detection limits. Given the very much higher peak count rates for fluorine on the MLDE, it is disappointing to see that the MLDE detection limit (six sigma) of 0.019wt.%F (on LiF), 0.075wt.% (on apatite) and 0.061wt.% (on topaz) are only two to three times lower than those based on TAP measurements. This arises from the corresponding increase in background signal referred to above. Detection limit data were also listed for oxygen and carbon, elements that can also be measured sensitively on a MLDE with 2d = 60 ,~. These detection limit values were from 0.07 to 0.15 wt.% for oxygen and 0.34wt.% for carbon. No data are reported here for nitrogen due to the lack of a suitable reference mineral. However it is anticipated that nitrogen X-rays (Ka = 0.392keV may suffer enhanced attenuation in the carbon polymer of the proportional counter window (carbon absorption edge =0.284keV), reducing sensitivity for this element.
Conclusions
The multilayer dispersion element with a 2d spacing of 60 A is likely to become the dispersion element of choice for the electron microprobe determination of fluorine due to the following factors:
(a) Up to 14 times the F-Ka count rate compared with measurements on a conventional TAP crystal.
(b) Absence of multiple order interferences greater than the second order (for example the third-order P-Ka interference that affects the determination of fluorine in apatites using a TAP crystal).
(c) Improved detection limits, as listed in Table 3 .
Further considerations are as follows: (d) The enhanced FWHM of peaks on a MLDE does not present a disadvantage in the determination of fluorine since although TAP gives 2 to 3 times better FWHM at equivalent spectrometer angles, the higher spectrometer angle at which fluorine must be measured by TAP negates this advantage.
(e) It may be necessary to take into account small spectrum overlap interferences in the determination of F in some minerals arising from Fe and Mg when measurements are made on a MLDE.
